Azo dyes are widely used in various industries. These substances produce toxic byproducts in aquatic environments in addition to their mutagenic and carcinogenic potential effects. In this study, the effect of magnetite nanoparticles and magnetite nanoparticles modified by sodium alginate in batch systems and nonlinear kinetic and adsorption isotherm models were investigated. Magnetite nanoparticles were synthesized by chemical co-precipitation method and then modified and used as adsorbent to adsorb Acid Red 18. After determining the optimum pH and adsorbent dose, nonequilibrium models for kinetic adsorption were tested with concentrations (25-100 mg/L) and at eight different periods of time (1-15 min) and the pseudo-first-order and pseudo-second-order nonlinear models were used to describe the results. For adsorption isotherm, a contact time of 120 min was studied in different concentrations (25-100 mg/L) and the residual concentration of Acid Red 18 was obtained. The results are described by non-linear Langmuir, Freundlich and Dubinin-Radushkevich isotherm models. The optimum amounts of pH for magnetite nanoparticles and for modified ones were 3 and 5, respectively, the efficiencies were 0.75 and 0.2 g/L, respectively.
INTRODUCTION
Water pollutants from dyes industries, including textile, leather, paper, printing, and cosmetic, have caused environmental risks in water resources. The entry of dye compounds into the water system without appropriate treatment will harm aquatic life due to toxicity, interrupt aquatic food chains, prevent sunlight into the water ecosystem, and reduce photosynthesis (Heibati et al. ) . Colors are one of the first pollutants detected in water, damaging the beautiful landscapes, developing diseases, also preventing light penetration into water and reduction of photosynthesis in plants. They interfere with the ecology by entering into water resources and have adverse effects on organisms (Gholami-Borujeni et al. a, b; Ye et al. ) . Thus, finding effective methods of treatment is necessary and inevitable. Acid Red 18 is widely used in a variety of industries such as textile, paper, cosmetics, agriculture, plastics and leather and also they cause severe environmental problems due to high toxicity and carcinogenic effects (Bahrami et al. ; Dada et al. ) . The available techniques for treatment of dye wastewater are ion exchange, coagulation/flocculation, chemical precipitation, electrochemical reaction, electrodialysis, reverse osmosis, membrane filtration, and adsorption. However, each of these method exhibits several limitations such as high capital or operating costs, low efficiency and generation of excess sludge so that some of these methods are inappropriate for use by small-scale industries (Dehghani et al. ; Duan et al. ; Lin et al. ) . Researchers are looking for suitable and environmentally friendly methods without causing any secondary pollution and problem regarding the removal of pollutants. Among the aforementioned techniques, an adsorption method using solid adsorbents has been found to be a promising technique for removing organic dyes in terms of its simplicity, insensitivity to toxic environments, cost-efficiency and ease of operation (Soltani et al. ) .
Nanomaterials with high specific surface area and unique properties have been introduced as high-efficiency catalyst and sorbent, but the difficulty of solid-liquid separation limits their practical application. Magnetic nanomaterials possessing paramagnetism, which can be separated from solution by applying an external magnetic field, draw extensive attentions in the field of environmental remediation (Zhang et al. ) .
On the other hand, the research for environmentally friendly and low-cost dye adsorbents has raised the attention to biopolymers obtained from renewable resources (Salgueiro et al. ). Adsorption method uses various adsorbents to remove industrial dyes, and nanoparticles are prominently noticeable. One of the characteristics of nanomaterials is that they behave differently from macroup to coarse materials. These features are due to their small size, high specific surface area, crystal structure and their reactivity (Mahvi et al. ; Senthilraja et al. ; Acisli et al. ) . Therefore, magnetite nanoparticles are combined with biopolymers to increase their adsorption capacity and are applied for various purposes. Sodium alginate is an inexpensive, available, non-toxic and effective biopolymer to remove contaminants from water and wastewater, and it is extracted from brown marine algae. This polymer is taken more into consideration, due to its features of biodegradability and hydrophilic properties and has been used for the removal of colors and heavy metals (Gholami-Borujeni et al. a, b) . Extensive research has been carried out in recent decades on magnetite nanoparticles in environmental modification. Zhao et al. () studied CTAB (cetyl trimethyl ammonium bromide)-coated magnetite nanoparticles for pre-concentration and measuring the phenolic compounds in 2008. They coated magnetite nanoparticles with silicon sheet in order to solve the problem of acid corrosion. In 2012, Zhu et al. () studied the impact of adding organic matters to magnetite nanoparticles and found an increase in the uptake rate of nanoparticles by adding organic matters. This study is carried out to obtain the effect of magnetite and modified magnetite nanoparticles by sodium alginate on process efficiency in laboratoryscale batch system. Also, the effect of pH, contact time on adsorption dose, kinetics and isotherm models were studied.
MATERIALS AND METHODS

Preparation of the solution
Acid Red 18 solution (1,000 mg/L) was prepared. Then concentrations of (25, 50, 75, 100, 125, 175, 200 mg/L) were made from the original solution. In all experiments, 100 mL of solution was used. The pH value of solution was set by NaOH and by 0.1 M HCl. The temperature in all experiments was fixed at about 25 W C.
Preparation of adsorbent
Magnetite nanoparticles and modified magnetite by sodium alginate were used to adsorb Acid Red 18. Characteristics of adsorbent are presented in Table 1 .
Optimum pH
In order to determine the optimum pH, eight 200 mL beakers were washed by nitric acid solution and rinsed with distilled water. The desired volume of solutions (100 mL containing 50 mg/L Acid Red 18) were made from stock solution. Then, it was adjusted for the pH in the range of 3-9 and then 0.15 g/L of adsorbent was added. Solutions were put on a shaker at 120 rpm for 24 h at 25 W C. After that, the adsorbent was separated from the solution by a magnetic field and the concentration of dye was measured by spectrophotometer at a wavelength of 508 nm. Finally, the amount and efficiency of adsorption were determined by Equations (1) and (2).
where V is the volume of solution (L), C 0 is the initial concentration of dye in liquid phase (mg/L), C e is the equilibrium concentration of color in liquid phase (mg/L), m is the adsorbent dose (gr) and R is the removal efficiency (Gücek et al. ).
Kinetics non-equilibrium models
Experiments were performed with dye concentrations of (25, 50, 75 and 100 mg/L) in eight different contact times (1, 2, 3, 4, 5, 8, 12 , and 15 min) and with optimized parameters: temperature 25 W C, mixing speed 120 rpm, pH ¼ 3, with 0.75 g/L concentration of magnetite nanoparticles; and simultaneously at pH ¼ 5, with 0.2 g/L concentration of modified magnetite nanoparticles. Then adsorbent was removed from the solution by the magnet and concentration was measured by spectrophotometer. The pseudo-first-and pseudo-second-order non-linear kinetic models were used to describe the data (Tables 2 and 3 ).
The optimum adsorbent dose
To determine the optimum adsorbent dose of magnetite nanoparticles (0.1, 0.15, 0.3, 0.75, 1 and 1.5 g/L) and the modified magnetite nanoparticles (0.05, 0.07, 0.1, 0.15, 0.2 and 0.28 g/L), Acid Red 18 was added to the solution at the concentration of 50 mg/L. For magnetite nanoparticles and modified magnetite nanoparticles, pH was adjusted to 3 and 5, respectively, and the shaker was set at 120 rpm for 120 min. Then the adsorbent was removed from the solution by the magnet and concentration was measured by spectrophotometer and efficiency was determined by Equation (2).
Equilibrium adsorption isotherm models
Adsorption isotherm experiments were done by adding 0.75 g magnetite nanoparticles and 0.2 g modified magnetite nanoparticles as two separate adsorbent to 100 mL solutions with concentrations of (25, 50, 75, 100 125, 150, 175 and 200 mg/L) and after that were put on a shaker with 120 rpm for 120 min. Then adsorbent was removed by the magnet from the solution and the dye concentration was measured by spectrophotometer. Langmuir, Freundlich and Dubinin-Radushkevich models were used to describe the data (Tables 2  and 3 ) (Maleki & Eslami ; Mahmoodi ). Dubinin-Radushkevich isotherm is an empirical model initially conceived for the adsorption of subcritical vapors onto micropore solids following a pore filling mechanism. It is generally applied to express the adsorption mechanism with a Gaussian energy distribution onto a heterogeneous surface. The model has often successfully fitted high solute activities and the intermediate range of concentrations data well. The approach was usually applied to distinguish the physical and chemical adsorption of metal ions with its mean free energy (Mahmoodi ) .
Error analysis methods were used to assess the models. To determine the suitability of fitting, adjusted correlation 
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where m is the number of samples, q iexp is the adsorption capacity obtained from laboratory results and q ical is the adsorption capacity calculated from the isotherm. The higher value of (Adj. R 2 ) and smaller value of (χ 2 ) shows that the calculated results of the model are closer to the experimental results ( 
RESULTS AND DISCUSSION
Effect of pH
The effect of pH on the adsorption of Acid Red 18 by using the nanoparticles is presented in Figure 1 . As can be seen from the figure, maximum adsorption efficiency was achieved at pH of 3 (Figure 1(a) ) and pH of 5 (Figure 1(b) ) for magnetite nanoparticles and modified magnetite nanoparticles, respectively. It should be noted that while from a numerical point of view the maximum removal still seems to be at pH 3, but there is no significant difference between two pHs' efficiencies. On the other hand, pH of 5 is more achievable and natural than pH of 3 in both operation and process units. Therefore, this pH was chosen as the optimum value for the modified nanoparticles. With increasing pH, there was decreased absorption efficiency. Adsorbent surface is positively charged in acidic pH and it increases the tendency of adsorbent to adsorb anion colors (Shirmardi et al. ) . In addition, the high pH values, increased negative charge in the surface of adsorbent reduce the efficiency.
Modifying of the magnetic nanoparticles by alginate can introduce various functional groups such as hydroxyl and carboxyl groups of alginate to the composite matrix which in turn impose different amounts of electrostatic attraction in addition to the ionic properties (Mahmoodi ). Therefore, these functional groups may change optimum pH value for the pollutant removal. Furthermore, modification with alginate reduces need of the adsorbent surface to impose surface charge by solution pH. In other words, the introduced functional groups due to modifying may fulfill a part of needed positive charges for adsorption of the negative pollutant.
Optimum adsorbent dose
The effect of adsorbent dosage on process efficiency at a concentration of 50 mg/L could be seen in Figure 2 . The experiments were performed in a solution of 100 mL. The results showed that by increasing the dosage of the adsorbent, the chance of adsorbent impact with the anions of the dye, increases and consequently raise the adsorption level. By increasing the concentration of adsorbent, adsorption level improved, but a reduction in the adsorption capacity could be seen. Reduction of adsorption capacity could be attributed to the adsorbent features such as pore sites or a density of adsorbent (Peng et al. ) . So, the best efficiency was taken at a concentration of magnetite nanoparticles and modified magnetite nanoparticles of 0.75 and 0.2 g/L, respectively.
Kinetic studies
Structure of the adsorbent, physical and chemical characteristics of solute and adsorbent are the main contributing factors in the adsorption process' mechanism. Pseudo-firstorder and pseudo-second-order kinetic model were based on the assumption of physisorption and chemisorption process, respectively (Singha & Das ) (equations are presented in Table 2 ). Figure 3 shows the kinetic models of adsorption Acid Red 18 by magnetite nanoparticles and modified magnetite nanoparticles at optimum pH. To determine the fitting of experimental results and predicted results through these models, adjusted correlation coefficient (Adj. R 2 ) and chisquare (χ 2 ) were used. A summary of the results are presented in Table 4 . Correlation analysis and chi-square tests indicated little difference between the two models, pseudofirstand pseudo-second-orders. To describe the kinetic behavior of adsorbents before modification, however, the higher adsorption capacity (q e ) of non-modified adsorbent for pseudo-second-order has been predicted which seems to be closer to actual values. Similar results have been observed by Rabani et al. () and Maleki & Eslami () . Pseudo-first-order shows a better fit with the experimental results than pseudo-second-order for modified magnetite nanoparticles. Lower values of pseudo-first-order constant at higher dye concentration mean that the process requires a longer time to reach a specific fractional uptake at high dye concentration (Karimaian et al. ) .
Comparing the pseudo-first-order reaction rate constant (k 1 ) in the adsorption with magnetite nanoparticles before and after adsorption shows that the reaction rate of modified adsorbent was, on average, two times more than the nonmodified adsorbent. According to the results in Table 4 , for the modified adsorbent, there is an inverse relationship between reaction rate constant (K 2 ) in pseudo-secondorder and the initial concentration of pollutants. Similar results have been obtained by McKay et al. () . This relationship can be expressed by the linear Equation (4):
The obtained correlation coefficient (R 2 ) was 0.9785 in the above equation. The negative slope represents the reaction rate constant in pseudo-second-order inversely related to the initial concentration of adsorbent.
Isotherm studies
Isotherms represent the amount of adsorption as a function of the equilibrium concentration of the adsorbent. Langmuir, Freundlich and Dubinin-Radushkevich models were applied in order to investigate the adsorption level of Acid Red 18 (Figure 4) . In Figure 5 , the adsorption capacity against the equilibrium concentration of pollutants as a function of the type of adsorbent is shown. Based on this figure, the adsorption capacity of magnetite nanoparticles increased significantly after modification. Table 5 summarizes the different isotherm parameters and error analysis results. Adjusted correlation coefficient and chi-square test showed that Freundlich isotherm and then Langmuir isotherm can perfectly describe the experimental results. But, fitting the experimental results with Dubinin-Radushkevich is relatively weak, which may indicate a lack of adequate porosity in adsorbent before and after modification, because, this model is going to be developed for adsorbent by porous structure (Rabani et al. ) .
Besides, the sorption energy is provided from Dubinin-Radushkevich isotherm model and the nature of adsorption process is distinguished. The adsorption mechanism is physical for E less than 8 kJ/mol and chemical for E and in the 8-16 kJ/mol range (Singha & Das ) . In this study, E of 6.74 and 10 kJ/mol for magnetite nanoparticles and modified magnetite nanoparticles, respectively, indicates that the adsorption mechanism changed to sort of chemical in the case of after modification of the magnetite nanoparticles. Thus, it can be concluded that adsorption sites in the adsorbent are non-uniform and heterogeneous. Comparing the maximum calculated adsorption capacity by the Langmuir isotherm (q m ) for magnetite nanoparticles and modified magnetite nanoparticles showed that the improved adsorbent modified was 4.5 times more than the non-modified adsorbent. Langmuir constants can be used to determine the separation factor (RL). For magnetite nanoparticles, RL values at concentrations of 25, 50, 75 and 100 mg/L of adsorbent were 0.292, 0.171, 0.121 and 0.093, respectively. Whereas for modified magnetite nanoparticles these values in the concentration of 25, 50, 75 and 100 mg/L of adsorbent were 0.175, 0.096, 0.066 and 0.050, respectively. The results indicated that the separation factor has changed between 0 and 1, which represented the optimal adsorption of pollutants by the adsorbents (Ridwan-Fahmi & Nazerry-Rosmady ). However, as it can be seen, the obtained RL values are lower in the case of modified adsorbent; and it shows that the adsorbent dependency on the primary concentration of the pollutant has been reduced after modification. The free constant amount of energy (E) of adsorption could be determined using Dubinin-Radushkevich isotherm model. The amount of (E) for unmodified adsorbent and modified one were 6.742 and 10 kJ mol, respectively. The results showed that the method used to modify the adsorbent may change the nature of the adsorption site and therefore, the physical mechanisms of adsorption in the case of unmodified adsorbent changed to chemical mechanism in modified adsorbent (Sachdeva & Kumar ) . As it is illustrated in Table 5 , the obtained values for the adsorption of unmodified and modified, in Freundlich equation (n) were 2.769 and 3.522, respectively, that was indicative of the desirability of adsorption with both of the adsorbents applied in the experiment. Although, the adsorption capacity of the unmodified adsorbent was very low, an increase in the value of n could represent a heterogeneous increase after the modification (Shirmardi et al. ) .
CONCLUSION
Based on the results of this study, optimum pH for adsorption Acid Red 18 colors by magnetite nanoparticles and modified magnetite nanoparticles were 3 and 5, respectively. Freundlich and Langmuir isotherm models were properly able to describe the adsorption process of Acid Red 18 with adsorbent magnetite nanoparticles before and after modifying. The results showed that the dominant mechanism of removal by magnetite nanoparticles was physical and it was sort of chemical in the case of by modified magnetite nanoparticles and the adsorption capacity of modified magnetite nanoparticles was almost five times and its reaction rate was almost two times more than the unmodified magnetite. However, more studies should be conducted to achieve a deeper knowledge into details of the involved mechanisms.
